The acoustic signature of submarines is very critical in such high performance structure. Submarines are not only required to sustain very high dynamic loadings at all time, but also being able maneuver and perform their functions under sea without being detected by sonar systems. Submarines rely on low acoustic signature level to remain undetected.
INTRODUCTION
Noise and vibration are often treated as two separate entities in study of mechanical dynamics, however the two are inter-related and must be treated as such. They simply relate to the transfer of molecular motion energy in different media usually fluid or solid. The concept of sound radiation require one to think in terms of wave of sound and also in terms of modes of vibration.
The concept of the sound can be defined in simple terms as pressure waves that propagate through an elastic medium at some characteristic speed. It is the molecular transfer of motional energy and cannot therefore pass through a vacuum. To have a wave motion, the medium has to posse's inertia and elasticity. The two fundamental mechanisms responsible for sound generation are:
1.
The vibration of solid bodies resulting in the generation and radiation of sound energy usually referred to as structure-borne sound.
2.
The flow-induced noise resulting from pressure fluctuations induced by turbulence and unsteady flow this concept is usually referred as aerodynamic sound.
The region of interest in structure born sound is usually in some kind of fluid in most instances air at some distance from a vibrating structure. The sound wave propagates through the stationary fluid (the fluid has a finite particle velocity due to the sound wave but zero mean velocity) from a readily identifiable source to the receiver. The region of interest does not contain any source of sound energy. This means that the sources which generate the acoustic disturbance are external to it.
The classical acoustic theory (the analysis of homogeneous wave equation) can be used for the analysis of sound wave generated by these types of sources. The solution for acoustic pressure fluctuation, p, describes the wave field external to the source. This wave field can be modeled in terms of combination of simple sound sources
In the aerodynamic sound, the source of sound is not so readily identifiable and the region of the fluid can be within the region of interest or external to it. When they are within the region of interest they contain the source of the sound energy. The sources are continuously being generated or converted with the flow. These aerodynamic sources must be included in the wave equation for any subsequent analysis of the sound wave in order that they can be correctly identified. The wave equation therefore is no longer homogeneous, and its solution is different than the homogeneous version.
In acoustics three different methods can be used to solve problems and are as follow: (i)acoustics( ii) ray acoustics, and (iii) energy acoustics. Wave acoustics is a description of wave propagation using either molecular or particular model. This is the approach that was employed in this papert. Ray acoustics is description of wave propagation over large distances, one example includes the atmosphere. The energy acoustics describe the propagation of sound waves in terms of the transfer of energy of various statistical parameters where techniques referred to as statistical energy analysis.
THEORETICAL FORMULATION
The study of sound waves includes for variable which are pressure P, velocity U, density ρ, and temperature T. Examining these variables we see that pressure, density and temperature are scalar quantities where velocity is a vector quantity. We know that each of these variables has a mean and a fluctuating component. Thus,
The wave equation can then be set up in terms of any of those four variables. In acoustics it is the pressure fluctuations, p(x,t) that are of primary concern. Thus it is common for the Simplifying it further we have:
Conservation of Momentum:
Simplifying it further:
The Thermodynamic Equation of State:
Where B is the adiabatic bulk modulus
To obtain the linearized acoustic wave equation conservation of mass and conservation of momentum can be combined into a single expression with one dependent variable. The dependent variable of interest in acoustics is the fluctuating pressure.
Taking a derivative of conservation of mass equation we have the following equation:
Divergence of conservation of momentum:
One can now substitute it into thermodynamic equation of state and get the following equation:
This is linearized homogeneous acoustic wave equation with the fluctuating pressure as the dependent variable. The constant c is the velocity of propagation of the wave and is therefore the speed of sound. Some useful approximation can now be made in relation to the speed of sound by assuming that the sound propagation medium is a perfect gas.
Thus
Where R is the universal gas constant
For small fluctuation we can approximate the speed of sound as: 
Using vector theory, it can be demonstrated that the acoustic particle velocity is irrotational. From vector theory it can be shown that if a vector function is the gradient of a scalar function, its curl is the zero vector. The curl of the moment equation:
Hence the introduction of the concept of the acoustic velocity potential ϕ and The physical interpretation of the above result is that the acoustical excitation of an inviscid fluid does not produce rotational flow; there are no boundary layers, shear stresses or turbulence generated.
Substituting into the equation for velocity potential into momentum equation and get
The acoustic quantities inside the bracket have to vanish if there is no acoustic disturbance present thus the integration constant has to be zero Substituting for p into the wave equation yields: Thus This satisfies the wave equation.Three additional sound parameters that play an important role in acoustics are the sound intensity, the sound energy density and radiation sound power. The sound intensity is defined as the rate of flow of energy through a unit area which is normal to the direction of propagation. Power = Force x Velocity. For acoustic process, the instantaneous power is:
The power per unit normal area is the instantaneous sound intensity vector I' where The time average of the instantaneous power flow thru a unit area is the mean intensity vector, I where r r r I T pudt
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This equation is used when the acoustic power fluctuation and the particle velocities are treated as complex, harmonic variables. For a plane wave traveling in the positive x-direction pressure with the respect to position and time can be approximated as:
And To obtain the sound intensity I one will need to substitute the two equations above into the intensity power equation and evaluate the integral. Consider a cylindrical shell of finite length L, radius R and thickness h, with shell coordinates x, φ and w as shown in Figure 1 . The orthogonal components of displacements of the mid-surface of the shell are represented by u, v, and w corresponding to x, φ and radial directions respectively.
For shear diaphragm condition the boundary conditions are:
These conditions are closely approximated in physical application by means of rigidly attaching a thin, flat, circular cover plate at each end [12] . The strain components can be expressed using the Donnell-Mushtari [3, 9] shell theory as: Where, 'ε' is the strain displacement and 'k' is the curvature displacement in the particular plane. For shear diaphragm boundary condition, the orthogonal components of the displacements for the middle surface can be satisfied using Rayleigh-Ritz displacement functions:
These functions imply separation between time and the spatial variables, i.e. the shell will undergo simple harmonic motion in which both period and phase are identical at all points of the shell [12] . Constants A, B and C describe the amplitude of the axial (u), circumferential or tangential (v), and radial (w) deformations of the shell. The mode shapes are identified by n and m. Where, 'n' is the number of circumferential waves in the mode shape, n = 1,2,3... and 'm' is the number of longitudinal half-waves in the mode shape, m = 1,2,3... as shown in Figure ( 2). The total strain energy (V) of a cylindrical shell of radius R is expressed in terms of the strain components as a combination of membrane or stretching strain energy (V m ) and bending strain energy (V b ). 
Using the strain components in combination with the Rayleigh-Ritz displacement functions, the bending strain energy (V b ) can be rewritten as (5) and in similar manner the membrane strain energy (V m ) is given as :
At a time t the expression for kinetic energy T of the vibrating shell is given by:
Where The eigenvalue problem can then be solved numerically for each combination of mode shape parameters n and m to obtaine the natural frequencies. A MATLAB program was developed to calculate the natural frequencies of the circular cylindrical shell and the coressponding strain energy distribution for the each mode shape.
ILLUSTRATIVE EXAMPLE
A scale model of a submarine hull segment presented in [1, 2] is developed. The scale model retain the same ratio of radius to length and thickness to radius ensuring similar modal spestrum. The scale model is a uniform circular cylindrical shell that has a length 754.4 mm, radius 251.5 mm, thickness 2.54 mm, Young's modulus (E) 206.81 Gpa, Poisson's ratio (v) 0.29, and material density (ρ) 7.82ϫ10 3 kg/m 3 . The natural frequency and the corresponding energy distribution were calculated using the MATLAB program. In parallel to the analytical investigation, a Finite Element Analysis is performed using [8] to find the natural frequency and strain energy distribution. These numerical results are compared to test the validity and accuracy of the analytical solution obtained using Donnell-Mushtari shell theory.
The finite element model of the cylindrical shell has 1984 four-node thin shell elements shown in Figure 3 is arranged 64 elements along the circumference and 31 elements along its length. Unigraphics NX-3 [8] was used for the modal analysis and the results were post processed using Structures P.E. to see the displaced geometry of the various mode shapes of vibration.
Due to the mesh density the results are accurate for n < 8.
Those results are presented graphically in Figure 4 To describe the sound field inside a cylindrical shell we shall use the inhomogeneous wave equation, and will require detail information about the acoustic source. However this would require statistical information for the internal pressure fluctuation and to obtain a generalized non-dimensional collapse of the data. It also should be noted that, when studying the interaction between sound wave within a cylindrical shell and the shell itself, it is convenient to assume rigid duct walls for the purpose of describing the sound field within the shell. When dealing with metallic structures the assumption are justified and are adequate for vibration purpose and external noise radiation purpose. In principle three specific cases Cut-off frequency is defined as:
Now
Where a i , is the internal pipe radius and the πα pq , are determined from eigenvalues satisfying the rigid wall boundary condition Where J' is the first derivative of the Bessel function with respect to r. Thus the sound wave in a cylindrical shell can only propagate as plane wave (p=q=0), if ka i < 1.8412, where the wave number k is given by and both plane wave and higher acoustics modes if ka i > 1.9412
A MATLAB was used to plot the solution for the sound propagation in the cylindrical shell. The figure below show the sound propagation as a function of
CONCLUDING REMARKS
The analytical expressions derived can be used to reveal trends in the variation of modal frequency and strain energy distribution with cylinder geometry, that are very critical in the design of circular cylindrical shells for dynamic response.The fundamental modal characteristics of the shell is function of the unique combinations of those energy components. The sound response depends on radius of the shell, phase angle and position. In Figure 5 one can see that the shape of the sound propagating through the cylinder is of sinusoidal nature. This is because the pressure which is one of our dependent variables for sound intensity has sin and cos terms are present. 
